Many cellular proteins can undergo phosphorylation, either constitutively or in response to a variety of regulatory signals. Occasionally, phosphorylation may occur on a residue constituting part of an epitope for a particular monoclonal antibody (moAb). This may result in decreased immunoreactivity, to the extent that the moAb fails to recognize eciently the phosphorylated target protein. This, in turn, may lead to inaccurate detection and assessment of that protein under conditions where it undergoes enhanced phosphorylation. An accepted way to address this issue is by treating the extract or the immunoprecipitated sample with phosphatase prior to gel electrophoresis. Here we describe a modi®ed protocol where phosphatase treatment is carried out on the nitrocellulose membrane after Western blotting. The procedure is rapid, simple and convenient, and can be routinely applied before the use of any moAb whose epitope is known or suspected to be aected by phosphorylation.
The p53 protein is extensively regulated by phosphorylation on multiple sites (reviewed in Fuchs et al., 1998; Giaccia & Kastan 1998; Meek, 1998) . The extent of phosphorylation on any given site is often subject to rapid alterations in response to signals that lead to p53 activation. Several of the most popular p53-speci®c moAbs are directed against epitopes that span in vivo phosphorylation sites; such antibodies exhibit reduced reactivity with p53 when the protein becomes phosphorylated on the corresponding site. One recent example is DO-1, whose reactivity is aected by DNA damage-regulated phosphorylation of p53 on Serine 20 (Chehab et al., 1999; Craig et al., 1999; Bond et al., 1999) .
The best studied case of phosphorylation-sensitive binding to p53 is that of the moAbs PAb122 and PAb421, both recognizing a shared epitope within the C-terminal region of p53 (Wade-Evans & Jenkins 1985; Stephen, et al., 1995) . The PAb122/PAb421 epitope is eectively phosphorylated in vitro by protein kinase C (Baudier et al., 1992; Takenaka et al., 1995; Hupp and Lane, 1995) , although its phosphorylation in vivo is most probably mediated by another kinase (Milne et al., 1996; Pitkanen et al., 1998) . This phosphorylation, which occurs dierentially under various conditions, can interfere with recognition of p53 by PAb122 or PAb421 (Milner, 1984; Ullrich et al., 1992; Raynal et al., 1994; Yonish-Rouach et al., 1994; Takenaka et al., 1995; Hupp and Lane, 1995; Milne et al., 1996; Mundt et al., 1997; Pitkanen et al., 1998) .
It was previously reported that PAb122 fails to recognize eciently transiently transfected p53 in HeLa cells undergoing apoptosis (Yonish-Rouach et al., 1994) . HeLa cells were therefore transfected with a combination of expression plasmids encoding human p53 or the green¯uorescent protein, respectively, the latter serving to identify successfully transfected cells by¯uorescence microscopy. Twenty-six hours later, cells were harvested and extracted in protein sample buer. Extracts were subjected to SDS-polyacrylamide gel electrophoresis (SDS ± PAGE). Two identical sets of extract aliquots were run in parallel on the same gel. Following transfer to a nitrocellulose membrane, the membrane was cut in two halves: one half was treated with alkaline phosphatase, whereas the other half was used as a non-treated control as detailed in Figure 1 . Matched phosphatase-treated and control sets of lanes were ®rst probed with PAb122, and then re-proved with a mixture of the p53-speci®c moAbs PAb1801 and DO-1. As seen in Figure 1 , alkaline phosphatase treatment of the membrane led to a substantial increase in PAb122 immunoreactivity, while not aecting the recognition of p53 by the PAb1801+DO-1 mix (compare lanes 2 and 4). A similar picture was obtained also with PAb421 (data not shown). It is important to note that these phosphorylation-dependent dierences in immunoreactivity were apparent only when relatively low concentrations of either PAb421 or PAb122 were used; with high antibody concentrations, ecient recognition was achieved even without phosphatase treatment (data not shown). This suggests that, in this case, in vivo phosphorylation of p53 does not result in complete loss of immunoreactivity, but rather in reduced anity for the modi®ed protein under the conditions used for Western blot analysis.
The Mdm2 oncoprotein is a major regulator of p53 activity and function (Oren, 1999) . Mdm2 becomes rapidly phosphorylated in response to DNA damage (Khosravi et al., 1999) , in a manner that compromises its recognition by the moAb 2A10 (Khosravi et al., 1999) . Exposure of U2OS cells to 9Gy of ionizing radiation (IR) caused a substantial drop in 2A10 reactivity, as assessed by standard Western blot analysis (Figure 2a, 7Pase) . However, treatment of the membrane with alkaline phosphatase, prior to incubation with 2A10, resulted in full restoration of the signal in the irradiated cell extracts (Figure 2a, +Pase) . Moreover, the overall intensity of the signal was modestly increased even in extracts from non-irradiated cells (compare lanes 1 and 4), suggesting that a fraction of the Mdm2 population is already phosphorylated within the 2A10 epitope even under basal culture conditions. Interestingly, in the phosphatase treated Figure 1 Eect of phosphatase treatment on the reactivity of p53 with PAb122. HeLa cells were transiently transfected, by the calcium phosphate method, with a combination of expression plasmids encoding human p53 (2 mg/6 cm dish) and enhanced GFP (EGFP; 10 ng/6 cm dish), respectively (Blander et al., 1999) . Twenty-six hours later, a time point when many of the cells in the culture displayed typical apoptotic morphology (data not shown), cells were harvested and cellular protein extracts were prepared. The extracts were subjected to SDS-polyacrylamide gel electrophoresis (SDS ± PAGE), using a BioRad Laboratories mini gel apparatus. Two identical sets of extract aliquots were run in parallel on the same gel. Following transfer to a nitrocellulose membrane (Protran BA83, Schleicher & Schuell), the membrane was rinsed brie¯y with double distilled water and was then cut in two halves. All subsequent manipulations were carried out at room temperature. One half of the membrane was incubated at room temperature for 30 min, with gentle shaking, in 5 ml of phosphatase buer (0.1 M Tris.Cl, pH 8.5, 0.2 mM EDTA), in the presence of calf intestinal alkaline phosphatase (CIAP, Boehringer, ®nal concentration 20 units/ml) (lanes 1,2). The other half was exposed to a similar treatment, but without CIAP (lanes 3,4) . Both membranes were next subjected to three consecutive short (3 min) washes, with gentle shaking, in PBS plus 0.05% Tween 20 (PBS-T). The membranes were then blocked by incubation for 40 min in PBS-T containing 2.5% (w/v) low fat milk powder, followed by incubation for 1 h with the PAb122 p53-speci®c antibody. Antibody incubation was performed in PBS-T containing 2.5% low fat milk, as above. The antibody was then removed and the ®lters subjected to three consecutive 10 min washes in PBS-T containing 2.5% milk. This was followed by incubation for 30 min with goat anti-mouse IgG secondary antibody (Jackson) conjugated with horseradish peroxidase. Following removal of the secondary antibody, the membranes were subjected to three consecutive 10 min washes in PBS-T, and then processed by the ECL (Amersham) protocol. After exposure to X-ray ®lm, both membranes were re-probed with a mixture of the p53-speci®c moAbs PAb1801 and DO-1, under conditions identical to those described above for PAb122 a b c Figure 2 Eect of phosphatase treatment on the reactivity of Mdm2 with 2A10. (a) Human U2OS cells were exposed to 9 Gy of gamma irradiation and harvested 15 or 30 min later, as indicated above each lane. A control non-irradiated culture (0) was also harvested in parallel. Two identical sets of aliquots of each extract were subjected in parallel to SDS ± PAGE followed by Western blot analysis and incubation with antibodies exactly as described in Figure 1 , except that the Mdm2-speci®c moAb 2A10 was employed. pMdm2 indicates a faster migrating, phosphorylated form of Mdm2 (Khosravi et al., 1999) . (b) Human p53-null H1299 cells, growing in a 6 cm dish, were transiently transfected with 2 mg of a human Mdm2 expression plasmid (pCMV-neo-Bam-hDM2; generous gift of Dr B Vogelstein). Cells were harvested 26 h later and extracted as above. Four identical aliquots of the extracts were subjected to SDS ± PAGE and processed as in Figure 1 , using either 2A10 or a mixture of the Mdm2-speci®c moAbs 4B2 and 2A9 (Chen et al., 1993) . (c) Recombinant GST-Mdm2 fusion protein puri®ed from E. coli ((Juven-Gershon et al., 1998); lower panel) or extracts of H1299 cells transfected with a human Mdm2 expression plasmid (upper panel) were subjected to SDS ± PAGE and processed as in Figure 1 , using the 2A10 Mdm2-speci®c moAb membrane one can notice a shift of the Mdm2 protein towards a faster electrophoretic mobility after irradiation (compare lanes 4 and 5). This is in agreement with data obtained by traditional phosphatase treatment of cell extracts before gel electrophoresis, which revealed that IR elicits a phosphorylation-dependent conversion of Mdm2 to a faster migrating form that is not recognized well by 2A10 (Khosravi et al., 1999) .
In contrast to the increase in 2A10 reactivity upon phosphatase treatment of the membrane, the reactivity of identical extracts with a mixture of two other Mdm2-speci®c moAbs, 4B2 and 2A9 (Chen et al., 1993) , actually sometimes decreases (Figure 2b) . It is formally possible that one of the moAbs reacts better with phosphorylated Mdm2 than with the dephosphorylated protein. However, it is probably more likely that the apparent drop in reactivity may be simply due to some adverse side eect of the treatment on the retention or accessibility of the membrane-bound Mdm2 protein.
Unlike cellular Mdm2, bacterially expressed protein is not expected to be phosphorylated on the 2A10 epitope. As predicted, recombinant GST-Mdm2 fusion protein, puri®ed from E. coli, did not exhibit a change in 2A10 reactivity following phosphatase treatment (Figure 2c , lower panel), whereas a prominent increase in reactivity was seen with an extract of H1299 cells transiently transfected with a human Mdm2 expression plasmid (Figure 2c, upper  panel) .
Overall, these data demonstrate that treatment of blotted membranes with phosphatase can expose epitopes that are otherwise masked by phosphorylation. This simple and rapid procedure has several advantages: (1) it can enhance the signals obtained with moAbs whose epitope is subject to constitutive phosphorylation; (2) it minimizes the risk that inducible changes in phosphorylation will be mistaken for changes in overall protein levels; and (3) by comparing identical extracts with and without phosphatase treatment, one can obtain preliminary information on the regulation of phosphorylation of a given protein; this could be particularly valuable in cases where the precise position of the relevant epitope within the protein is known. While exempli®ed here for p53 and Mdm2, similar considerations will most certainly hold for a wide array of proteins and moAbs.
